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Summary: Forty-eight children (aged 9 to 15 years) with tonic-clonic seizures 
were administered a neuropsychological test battery. The children with sei- 
zures of early onset (before age 5 )  were significantly impaired relative to the 
children with later onset on 8 of the 14 measures in the battery. The deficits 
,were seen on tasks whose requirements included the repetition of a simple 
motor act, attention and concentration, memory, and complex problem solv- 
ing. These findings emphasize the need for further research to determine the 
causal factors of the greater dysfunction seen in the early onset group. 
The age at which brain damage is sus- 
tained appears to be an important determi- 
nant of the nature and extent of subsequent 
behavioral deficits (Teuber and Rudel, 
1962; Fitzhugh and Fitzhugh, 1965; Boll, 
1973). A number of studies have explored 
the related issue of the behavioral sequels 
of early versus later onset of seizure disor- 
ders (Collins, 1951; Rodin, 1968; Klgve and 
Matthews, 1969; Dikmen et al., 1975,1977). 
These studies have found that persons with 
early onset of seizures generally perform 
more poorly on psychometric measures of 
intelligence than do persons whose seizures 
begin later in life. Adequate evaluation of 
the effects of age of onset is difficult to 
achieve, however, because of the many 
factors which have been demonstrated to 
affect performance in persons with 
epilepsy. A partial listing of such factors 
include variables specific to epilepsy such 
as seizure type (Fedio and Mirsky, 1969; 
Glowinski, 1973), site of epileptic focus 
(Cherlow and Serafetindes, 1976; Dennerill, 
1964), and etiology (Matthews and Klgve, 
1967) as well as more general variables 
known to affect performance, such as edu- 
cational level, age at time of testing, and 
socioeconomic status. Additionally, both 
duration of seizure disorder (and therefore 
absolute number of seizures) and the dura- 
tion of usage of antiepileptic drugs covary 
with age of onset. It is extremely difficult, 
therefore, to isolate the effects of age of 
onset from the combined effects of the 
many confounding variables which have 
been shown to affect performance. 
The present study represents an attempt 
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to give additional information concerning 
the effects of age of onset by controlling as 
many relevant variables as possible. The 
availability of a large group of patients who 
had received neuropsychological evalua- 
tion at the Highlands Center, Comprehen- 
sive Epilepsy Program, in Charlottesville, 
Virginia, allowed the selection of early and 
late onset groups which were well matched 
on variables such as education, socioeco- 
nomic status and prescribed antiepileptic 
medication. Only patients whose predomi- 
nant seizure type was tonic-clonic were 
included in the study. Duration effects 
were controlled by statistical means (anal- 
ysis of covariance) rather than by attempt- 
ing to establish early and late onset groups 
which had equivalent seizure durations. 
This statistical approach had the advan- 
tage of allowing for the testing of sub- 
jects in early and late onset groups at 
equivalent ages. 
An additional purpose of the present 
study was to give information concerning 
the effects of age of onset on performance 
in patients in their school years, a time in 
which the effects of cognitive dysfunction 
may be particularly devastating. Previous 
studies of the effects of age of onset have 
for the most part utilized adult patients with 
chronic seizure disorders. There is evidence 
that different patterns of intellectual func- 
tioning may be seen in persons with acute 
as opposed to chronic seizure disorders 
(Kkve and Fitzhugh, 1962; Fitzhugh et al., 
1962). The testing of subjects at young ages 
(9-15 years) relatively close to the age of 
seizure onset could reveal patterns of defi- 
cit which would not be evident in older 




Forty-eight subjects (28 males and 20 
females) were selected from a large group 
of patients examined. All patients included 
in the study had been classified by a 
neurologist on the basis of all available 
medical information as having tonic-clonic 
seizures as their primary seizure type, 
based on the International Classification 
(Gastaut, 1970). Additional criteria for in- 
clusion in the study were an age at time of 
testing of between 108 and 179 months (this 
corresponds to the age range of the 
Halstead Neuropsychological Test Battery 
for Children) and a full scale IQ of 60 or 
greater. All patients tested at the Highlands 
Center who met these criteria were in- 
cluded in the study. 
The median age of onset of the 48 sub- 
jects selected for the study was 60 months 
and an early and a later onset group was 
constructed by dividing the subjects at this 
median. This resulted in an early onset 
group of 24 subjects (13 males, 1 1  females) 
who ranged from 1-60 months in age of 
onset, and a later onset group of 24 subjects 
(15 males, 9 females) who ranged from 
60-170 months in age of onset. Table 1 
gives descriptive neurological and demo- 
graphic information for the two groups. 
Patients in the early onset group whose 
first seizure was febrile all had several other 
tonic-clonic seizures occurring before the 
age of 60 months. Seizures were well con- 
trolled in both early and late onset groups 
and no subjects in either group had had a 
seizure in the month preceding testing. Sei- 
zure frequency in the year preceding testing 
was somewhat higher in the late onset 
group with 10 subjects having had one or 
more seizures in the past year in the late 
onset group as opposed to three subjects in 
the early onset group. 
Tests 
The Halstead Neuropsychological Test 
Battery for Children and Allied Procedures 
were administered to all subjects by trained 
psychology technicians. The tasks are sim- 
ilar to the adult battery used by Dikmen et 
al. (1975, 1977) but are modified somewhat 
to allow administration to younger subjects. 
A full description of the children’s battery 
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TABLE 1. Descriptive informution for  groups 
with early (0-60 months) and lute (61 -170 
months) uge of seizure onset 
Early Late 























































Age, onset and duration are in months. 
* Education is in years completed; one child in the 
early and two in the late onset groups were in special 
education classes and were not used in computing the 
means. 
SES-socioeconomic status-is computed as in 
Hollingshead (1957); higher scores indicate lower SES. 
is available elsewhere (Boll, in press; 
Reitan and Davinson, 1974) but a brief de- 
scription of each task will be given here for 
convenience and to allow comparison with 
the adult battery. 
The Wechsler Intelligence Scale f o r  
Children -Revised (WISC-R) offers a stan- 
dard psychometric measure of intelligence. 
The Halstead Category Test (Categories) 
requires the subject to discover an under- 
lying concept in order to correctly classify a 
series of items projected one at a time on a 
screen. The score is the number of errors 
made on 168 items distributed into six sepa- 
rate tests (the adult version contains 208 
items and seven subtests). 
Tactual Performance Test (TPT) requires 
the subject, while blindfolded, to place six 
blocks in their proper positions on a 
formboard (the adult version has 10 
blocks). The task is performed first with the 
dominant hand, then with the nondominant 
hand, and finally with both hands together. 
While it is possible to derive a number of 
different scores, the values to be reported 
here represent an average over all trials of 
the time necessary to place one block 
(TPT-time). After completing the form- 
board, the subject is unexpectedly asked 
to draw the blocks in their proper spa- 
tial location. This yields two scores: the 
number of blocks whose shapes are cor- 
rectly recalled (TPT-memory),  and the 
number of blocks whose locations are cor- 
rectly recalled (TPT-@cation). 
Trail Making Test, Parts A & B (Trails A 
& B ) .  Part A requires the subject to sequen- 
tially connect 15 numbered circles. Part B 
requires alternation between numbers and 
letters in connecting labeled circles, e.g., 
from circle 1 to circle A to circle 2 to circle 
B. Trails A and B both have 15 circles (the 
adult version has 25 circles for each part). 
The Speech Sounds Perception Test 
(Speech) requires the discrimination of 
nonsense words presented on a tape re- 
corder and the choice of the correct option 
from three printed alternatives (the adult 
version has four alternatives). There are 60 
items with the score being the number of 
errors. The Rhythm and Tonal Memory 
measures are two subtests of the Seashore 
Test of Musical Ability which require, re- 
spectively, the discrimination of differences 
in sequences of rhythms or tones. Both 
utilize number correct as the score. The 
Rhythm test is identical to that given in the 
adult battery. Tonal memory is not a stan- 
dard part of either the children's or the 
adult battery. 
The Finger Oscillation Test (Tapping) 
measures speed of tapping with the domi- 
nant index finger. The Strength of Grip Test 
(Grip) measures gripstrength (in kilograms) 
Epilepsia, Vol. 22, April 1981 
200 D .  S .  O’LEARY ET AL.  
of the dominant hand with a plunger type 
dynomometer. Both tapping and grip are 
identical to the tests administered to adults. 
One final difference between the adult and 
the children’s midrange battery is that no 
impairment index (a summary measure) is 
computed for children. 
RESULTS 
The data from each task were separately 
submitted to a one-way analysis of co- 
variance with onset (early vs. late) as the 
independent variable and duration as the 
covariate. The Statistical Package for the 
Social Sciences subprogram ANOVA, 
which uses regression procedures to re- 
move variation in the dependent variable 
due to the covariate, was utilized for each 
analysis. 
Table 2 lists the means and standard de- 
viationsfor each task as well as the means 
for each task when the effect of duration is 
covaried out. On eight measures, the early 
onset group performed significantly more 
poorly than did the late onset group. These 
measures are: WISC-R Full Scale IQ, 
Categories, TPT-location, Trails A and 
Trails B, Tonal-Memory, Speech, and Tap- 
ping. The remaining six measures also indi- 
cated inferior performance by the early 
onset group though the differences were not 
statistically significant. 
Table 3 lists the subtest scores from the 
WISC-R. Again, all 10 measures are in the 
direction of superior performance by the 
later onset group, although only three mea- 
sures showed significant differences. These 
were the Comprehension, Vocabulary, and 
Picture Completion subtests. 
The analysis of covariance yields F ratios 
for the covariate (duration) as well as for 
the independent variable (onset). In only 
one instance was duration significant. This 
was for the Picture Completion subtest of 
the WISC-R. As expected, the overall cor- 
relation between onset and duration was 
highly significant, R = -0.80, p < 0.005. 
DISCUSSION 
The data from the present study support 
the conclusion that children who begin to 
have tonic-clonic seizures at an early age 
are impaired relative to those with later 
onset on a number of measures of intellec- 
tual and adaptive ability. An important as- 
pect of the present findings is the fact that 
the deleterious effects of an early age of 
onset can be seen at a young age, while the 
child is still undergoing growth and devel- 
opment. Further, the effects are seen on a 
variety of tasks which require very different 
abilities. Inspection of Table 2 indicates 
that the early onset group performed sig- 
nificantly more poorly than did the late 
onset group on 8 of the 14 tests in the bat- 
tery. The deficits were seen across a broad 
range of tasks whose requirements included 
the repetition of a simple motor act, atten- 
tion and concentration, memory, and com- 
plex problem solving. Thus, tonic-clonic 
seizures which begin before the age of five 
years appear to result in a lowering of func- 
tioning across a wide spectrum of human 
abilities, simple as well as complex. 
The finding that an early age of seizure 
onset is more harmful to intellectual ability 
than is later onset would appear, at first 
glance, to be in conflict with the widely ac- 
cepted principle that the brain is more 
“plastic” early in development and is, 
therefore, better able to compensate for 
early versus later damage. Evidence using 
human subjects which supports the plastic- 
ity argument comes largely from studies of 
recovery of function in children and adults 
following cortical damage (e.g., Basser, 
1962; Kohn and Dennis, 1974; Lenneberg, 
1967; Teuber and Rudel, 1962). While there 
have been questions in recent years con- 
cerning conclusions drawn from these data 
which relate to the issue of the development 
of cerebral dominance (Kinsbourne, 1976; 
O’Leary, in press), the basic concept that 
the nervous system is more plastic early in 
development has been widely supported 
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TABLE 2. Ruw score meuns und stundurd deviutions, means udjusted for covuriute (durution) 
und F rutios .for eurly and lute onset groups on euch test 
Early onset Late onset 
Mean Mean 
Mean raw adjusted Mean raw adjusted 
score for score for 
Test (and SDs) duration (and SDs) duration F-ratio 
~ ~ ~~~ ~ 
VIQ 82.9 81.2 89.2 90.9 3.31 









FSIQ 80.0 79.0 89.4 90.4 4.54" 
Categories 54.8" 63.85 49.3 39.3 8. l o b  
TPT-time 47.1' 54.2 36.4 28.9 2.63 
TPT-memory 3.8' 3.9 4.3 4.4 0.90 
TPT-location 1.9' 1.6 3.3 3.6 8.50* 
Trails A 27.0h 30.9 15.4 .11.4 15.9' 
Trails B 52.1 61.0 31.4 22.1 13.4' 
Tonal-memory 11.6' 9.9 14.0 15.8 7.0b 
Rhythm 21.9' 21.0 22.0 22.1 0.81 
Speech 12.7" 14.2 10.3 7.7 5.0" 





(dominant hand) (7.5) (6.3) 
(dominant hand) (10.8) (11.4) 
Tapping 33.9h 30.7 36.6 39.9 4.4" 
" p  < 0.05. 
b p  < 0.02. 
' p < 0.001. 
" No. of errors. 
' Seconds per block. 
Number of blocks correctly recalled. 
Number of blocks correctly located. 
Seconds to complete. 
' No. correct. 
' In kilograms. 
No. of taps in 10 sec. 
(see Whitaker, 1976 for a review). The ef- 
fects of age of onset of brain injury in gen- 
eral, and of tonic-clonic seizures in par- 
ticular, must, however, be considered in 
the' context of several other important fac- 
tors as well as plasticity. A number of au- 
thors (Boll and Barth, in press; Dreifuss, 
1975; Kinsbourne, 1974), have pointed out 
the importance of the location, focal spe- 
cificity, extent, and permanence of the 
damaged area in determining the nature of 
behavioral deficits following brain injury. A 
factor of central importance to the issue of 
effects of seizure onset is the continuing 
presence of an impaired but nonsilent brain 
area. The fact that the site of the impaired 
tissue is probably subcortical in persons 
with tonic-clonic seizures (Penfield and 
Epilepsia, Vol. 22, April 1981 
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TABLE 3. Ruw score meuns und stundurd deviutions. meuns udjusted jbr  covuriute 
(durution) und F ratios jbr subscules of WISC-R 
Early onset Late onset 
Mean Mean 
Mean raw adjusted Mean raw adjusted 
score for score for 

















































































" p  < 0.01. 
b p  < 0.05. 
Duration was significant for PCOMP at 0.05 level. 
Jasper, 1954) may also be crucial. In the 
cited reports of recovery from unilateral 
cortical damage it is generally assumed 
that undamaged areas of the same or the 
contralateral hemisphere assume the func- 
tions of the damaged areas. Given the pre- 
sumed central, subcortical site of dys- 
function in patients with tonic-clonic seizures 
it is not clear that undamaged homologous 
tissue is available to mediate recovery. 
The data from the present study clearly 
indicate that a child who begins to have 
tonic-clonic seizures early in life is at risk 
for future cognitive impairment. The data 
do not permit a clear determination of the 
causal factors of this increased risk. Given 
evidence that commonly prescribed an- 
tiepileptic drugs can have a detrimental ef- 
fect on cognitive development (Cordes, 
1973; Stores, 1975) it is possible that the 
earlier initiation and longer duration of 
pharmacological intervention in the early 
onset group could be a major factor in the 
observed impairment. The data from the 
present study do not speak to the important 
question of whether seizures in young chil- 
dren should be aggressively treated with 
antiepileptic drugs. The data do, however, 
point up the importance of further research 
into the factors underlying the greater im- 
pairment seen in children whose seizures 
began early in life. The wide ranging pat- 
terns of deficit seen in the early onset 
groups make it crucial to determine whether 
the deficit results from a seizure related 
variable (e.g., frequency or severity) or 
whether it is instead a function of the drugs 
used to suppress the seizures. 
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RESUME 
Quarante huit enfants ages de 9 a 15 ans souffrant de 
crises epileptiques tonico-cloniques ont ete etudiks 
avec une batterie de tests neuropsychologiques. Pour 
huit des quatorze mesures de cette batterie de tests les 
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enfants dont les cirses avaient debute precocement 
(avant cinq ans) se sont averes etre significativement 
deteriores par rapport a ceux dont les crises avaient 
debute plus tardivement. Les deficits se sont man- 
ifestes pour des taches necessitant la repetition d’un 
acte moteur simple, attention e t  concentration, 
memoire et capacite a resoudre des problemes com- 
plexes. Ces resultats mettent I’accent sur la necessite 
de poursuivre les recherches afin de determiner les 
facteurs responsables de la plus grande dysfonction 
observee chez les enfants dont I’epilepsie a debute tot 
dans la vie. 
(J. L. Gastaut, Morseilles) 
RESUMEN 
Se  ha aplicado una bateria de tes ts  neuro- 
psicologicos a 48 nines de 9 a 15 anos de edad que 
padecian ataques tonico-clonicos. Los ninos con 
ataques de comienzo precoz (antes de 10s 5 anos) 
mostraron incapacidades significativas comparandolos 
con ninos con comienzos mas tardios en 8 de 10s 14 
tests de la bateria. Los defectos fueron detectados en 
las pruebas cuyos requisitos incluian la repetition de 
un act0 motor simple, atencion y concentracion, 
memoria y resolucion de problemas complejos. Estos 
hallazgos indican la necesidad de continuar la inves- 
tigacion para determinar 10s factores causales de la 
mayor disfuncion observada en el grupo de comienzo 
precoz. 
(A. Portera Sanchez, Mudrid) 
ZUSAMMENFASSUNG 
48 Kinder (9 bis 15 Jahre alt) mit tonisch-klonischen 
Krampfen wurden mit einer neuropsychologischen 
Testbatterie untersucht.  Die Kinder rnit einem 
Fruhbeginn der Anfalle (vor dem Alter von 5 Jahren) 
zeigten sich bei 8 von 14 Tests der Serie deutlich 
beeintrachtigt im Verhaltnis zu Kindern mit spaterem 
Anfallsbeginn. Die Defekte traten bei Aufgaben auf, 
die folgende Anspruche stellten: Wiederholung einer 
einfachen motorischen Handlung, Aufmerksamkeit 
und Konzentration, Gedachtnis und komplexes Prob- 
lemlosen. Diese Befunde deuten auf die Notwendig- 
keit weiterer Untersuchungen, um die ursachlichen 
Faktoren der grokren Funktionseinbuk zu bestim- 
men, die bei Patienten mit fruhem Anfallsbeginn 
beobachtet wird. 
(D. Scheffner, Heidelberg) 
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